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(54) Foam material, its manufacturing method and use, and an absorbent disposable article 
comprising such a foam material 



(57) The invention pertains to a foam material for ab- 
sorption of aqueous liquids, a manufacturing method 
and an advantageous use of such a foam material, and 
an absorbent disposable article comprising such a foam 
material. The foam material is hydrophilic and primarily 
intended for use in absorbent disposable articles such 
as baby diapers, incontinence protectors and products 
for feminine hygiene. However, the foam material ac- 
cording to the invention is also suited for use in other 



absorbent articles, such as for example in different wip- 
ing materials, bandage materials and other similar prod- 
ucts. The chemical structure of a surfactant, which is uti- 
lized as a combined emulsifying and hydrophilizing 
agent when manufacturing the foam material according 
to the invention, makes it possible to retain a sufficient 
proportion of the foam surfactant in the foam material 
even after repeated wettings, something which renders 
the foam material highly, permanently hydrophilic. 
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Description 

TECHNICAL FIELD: 



i 

The present invention pertains to a foam material for absorption of aqueous liquids and a manufacturing method 
for such a foam material. The present invention further indicates an advantageous use of the foam material and provides 
an absorbent disposable article comprising a foam material according to the invention. 

The foam material according to the invention is hydrophilic and is primarily intended for use in absorbent disposable 
articles such as baby diapers, incontinence protectors and products for feminine hygiene. The foam material according 
to the invention, however, is also suitable for use in other absorbent articles, for example in different wiping materials 
bandage materials and other similar products. 



BACKGROUND OF THE INVENTION: 



The development of absorbent disposable articles, such as baby diapers, incontinence protectors and products 
for feminine hygiene, has recently to a high degree been directed towards the development of thinner and thinner 
products. The reason why the product development has taken this direction is, for example, that a thinner diaper is 
more comfortable to wear, and that it is perceived as being more discreet to the user. Furthermore, a thinner product 
results in a lower distribution cost and a lower environmental load per article in connection' with the transports which 
are required in order to enable the product to reach the enduser. 

The possibilities to gradually provide thinner absorbent articles are dependent on the ability to develop thinner and 
thinner absorption cores or absorption structures, which can receive and store large quantities of human exudates, 
such as urine or other body fluids. 

Thereby, particle-shaped absorbent polymers, often referred to as superabsorbents, have been particularly valu- 
able in order to enable this development. A commonly occurring type of superabsorbents is polyacrylates with a rela- 
tively low degree of cross-linking. 

The absorption mechanism of superabsorbents of polyacrylate type is based on the fact that the lightly cross-linked 
polymers comprise a plurality of anionic carboxylate groups which are attached to the polymer chain. These charged 
carboxylate groups enable the polymer to absorb aqueous liquids by means of osmotic forces. 

Another important mechanism, when absorbent articles are concerned, is absorption based on capillary forces. 
Examples of capillary absorbents are different fibre-based materials such as fluff pulp, tissue paper or different types 
of nonwoven materials. In some cases, capillary absorbents can be superior to the above-mentioned absorbents acting 
by means of osmotic forces. Accordingly, the absorption and distribution rates are in general higher for capillary ab- 
sorbents than for superabsorbents. By means of placing capillary absorbents, having a certain fibre orientation, capillary 
size or hydrophilic character in suitable positions in an absorbent article, the absorbed liquid may further be directed 
in the desired direction. 

As a consequence, many previously known absorbent articles combine capillary absorbents with superabsorbents, 
acting by means of osmotic forces, with good results. 

In the following, such an advantageous previously known combination is exemplified by an imaginary absorbent 
40 body intended for use in a baby diaper. 

The imaginary absorbent body is covered with a hydrophobic surface material, having relatively large capillaries, 
on the side of the absorbent body which is intended to be facing towards a wearer. This surface layer has the ability 
to rapidly let trough for example urine to underlying material layers, and remains dry thanks to its hydrophobic nature, 
something which is an advantage, amongst other things when comfort is concerned. 
45 An acquisition layer, e.g. a cellulose wadding, is arranged inside the surface material of the imaginary absorbent 

body. The function of the acquisition layer is to receive and distribute absorbed liquid in the absorbent body in order 
to thereby obtain a better utilization of the total storage capacity of the absorbent body. 

. , An absorbent core, consisting of a mixture of fluff pulp fibres and superabsorbent, follows inside the acquisition 
layer of the imaginary absorbent body. Inside the core, the pulp fibres so to speak form a fibre matrix which distributes 

so the liquid in the core by means of capillary forces, so that the superabsorbent particles gradually can absorb and store 
the liquid by means of osmotic forces. 

Absorbent articles of the "combination type" described in the example above, however, are proportionately expen- 
sive and complicated to manufacture, since they contain a number of different material types. Another disadvantage 
is that problems with the integrity of the absorbent core easily may arise during use, so that the core gradually ruptures 

55 or goes lumpy. Another difficulty is to be able to distribute and retain the superabsorbent in a desired way in the ab- 
sorbent core until the absorbent article has been used. 

Another problem, which may arise with combination products comprising both fluff pulp and superabsorbents, is 
so-called gel-blocking. This problem arises because superabsorbent particles, which have absorbed liquid locally, form 
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. a gel. This results in the capillary liquid transport via the fibre matrix being blocked and therefore causes a collection 
of liquid in certain portions of the absorbent body, whereas the absorption capacity in other portions remains more or 
less unemployed. , 

In light of the above-mentioned problems, it has previously been suggested that another type of absorbent material 

* should be used in absorbent articles, that is polymeric foams with open cells. 1 

Such previously known foam materials can be manufactured by means of using the manufacturing method which 
> is disclosed in the patent publication WO 93/21234. The therein disclosed manufacturing method provides porous, 
cross-linked polymeric foam materials having a low density. 

According to WO 93/21234, the manufacturing method comprises a n water-in-oil" emulsion polymerization of mon- 

10 omers which comprise at least one vinyl monomer, a dif unctional unsaturated cross-linking monomer, at least 90 weight- 
% water calculated on the emulsion, a first surfactant comprising a sorbitan monoester having a fatty acid moiety of 
at least 6 carbon atoms, and at least one second sorbitan ester having at least one different fatty acid moiety than the 
first surfactant, and a polymerization catalyst. The method is claimed to provide open-cellular foams with low density, 
high absorption capacity and good physical properties in this way 

is in the above-mentioned WO 93/21 234 it is disclosed that the internal water phase during polymerization preferably 

contains a water soluble electrolyte, amongst other things in order to make the foam more water wettable to. Suitable 
electrolytes for this purpose are stated to be inorganic salts (monovalent, divalent, trivalent or mixtures thereof), such 
as alkali metal salts, alkaline metal salts, and heavy metal salts such as halides, sulphates, carbonates, phosphates 
and mixtures thereof. The electrolytes can also include sodium chloride, sodium sulphate, potassium chloride, potas- 

20 sium sulphate, lithium chloride, magnesium chloride, calcium chloride, magnesium sulphate, aluminium chloride and 
mixtures of these. Mono- or di-valent metal salts with monovalent anions are stated to be preferred. 

Foam materials of the type disclosed in WO 93/21234 can provide both capillary liquid absorption, transport and 
storage and should therefore be suitable for use as absorption cores in absorbent articles, for example diapers. 

Accordingly, the patent publication WO 93/04092 discloses absorbent foam materials for absorption of aqueous 

25 body fluids. The foam materials disclosed in WO 93/04092 are said to be suitable for use in absorption cores of ab- 
sorbent articles, for example diapers. 

The foam materials according to WO 93/04092 comprise hydrophilic, flexible structures with open cells which 
preferably are prepared by means of polymerizing "water-in-oil" emulsions. Such emulsion are usually referred to as 
HIPE-emulsions (High Internal Phase Emulsions). 

30 According to WO 93/04092, HIPE-emulsions can be formed by means of intense agitation of a polymerizable 

mixture containing a relatively small amount of a polymerizable monomer-containing oil phase and a, relatively, larger 
amount of a relatively monomer-free water phase. In the emulsion, this discontinuous, "internal" water phase forms a 
network of dispersed "droplets", which are surrounded by the continuous, polymerizable oil phase with therein dissolved 
surfactant. During the polymerization of the monomers in the continuous oil phase, a cellular foam structure is formed. 

35 After polymerization, the aqueous liquid remaining in the foam structure formed upon polymerization can be removed 
by pressing and/or drying the foam. If necessary, the polymerized foam material can be subjected to different types of 
post-treatment, for example a hydrophilizing treatment. 

In WO 93/04092, a number of different parameters are mentioned which are essential for deciding structural, 
mechanical and functional parameters of a foam material. 

40 Accordingly, it is disclosed that the relative amounts of water and oil phase which are used in order to form the 

polymeric foam can affect foam density, the cell size and the specific surface of the pores which form the foam. In WO 
93/04092 it is disclosed that the ratio between water and oil phase suitably is between 12:1 and 100:1, more preferably 
between 20:1 and 70:1 , and most preferably 25:1 to 50:1 . 

According to WO 93/04092, the continuous oil phase of the emulsions comprises the polymers which are to form 

45 the solid foam structure. The monomers are said to include three different components; principal monomer, comonomer 
and cross-linking agent. The principal monomer is said to comprise one or more monomers that tend to impart glass- 
Mke properties to the resulting foam structure. After polymerization, such monomer materials are said to produce 
homopolymers with high molecular weight (> 6000) and a glass transition temperature T g about 40 °C or higher. As 
preferred "glass-like" monomers, inter alia, non-substituted or substituted styrenes are mentioned. The addition is said 

50 to normally be between 3-41%, more preferably 7-40 weight-% of the oil phase. 

The above-mentioned comonomer component is claimed to comprise one or several comonomers, which tend to 
impart "rubber-like" properties to the resulting foam structure. This type of comonomers are said to be monomers which 
would provide homo polymers with a high molecular weight (> 10000) and a glass transition temperature of about 40 
°C or lower. Monofunctional, "rubber-like" comonomers of this type are said to comprise, for example, alkyl-acrylates, 

55 alkyl-methacrylates, allyl-acrylate, butadiene, substituted butadienes, vinylidene halides and combinations of such. 
Preferred "rubber-like" co-monomers are said to include; butylacrylate, 2-ethylhexylacrylate, butadiene, isoprene and 
combinations of these. Butylacrylate and 2-ethylhexylacrylate are stated to be the most preferred. The monolunctional 
"rubber-like" comonomei componenl is said to normally constitute up to 27-7? %. more preferably from about 27-66 
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weight-% of the oil phase. 

(In connection with this, it might be mentioned that it is generally accepted that glass transition temperatures T 
< 25 °C result in rubber-like properties at room temperature, for example, polymers comprising 2-ethylhexylacryIate 
have T g = -70 °C and are therefore clearfy rubber-like at room temperature). 

In WO 93/04092 it is disclosed that the molar ratio between the "glass-like" monomer component and the "rubber- 
like" component" in general is between 1 :25 to 1 .5: 1 , more preferably from about 1 :9 to 1 .5: 1 . 

In order to make it possible to obtain a polymerization, the HIPE-emulsions disclosed in WO 93/04092 are said to 
also require the presence of a poly-functional cross-linking agent in the oil-phase. Thereby, the selection of cross- 
linking agent is said to be of great importance for achieving the desired properties of the finished foam. The It is disclosed 
that the cross-linking agent can be selected from a great number of polyfunctional, preferably difunctional monomers 
for example aromatic divinyls such as divinylbenzene, divinyltoluene or diallylphthalate. Alternatively, aliphatic cross- 
linking agents of drvinyl type are said to be useful, such as diacrylic acid esters of polyols. However, the most preferred 
cross-linking agent is claimed to be divinylbenzene. Suitable addition levels are said to be 8-40 % more pref erablv 1 0 
to 25 weight-% of the oil phase. 

According to WO 93/04092, it is of outermost importance that the above-mentioned monomers, comonomers and 
cross-linking agents are substantially water-insoluble, so that they are primarily soluble in the oil phase and not in the 
water phase. Furthermore, the importance of the raw materials used during the foam preparation being non-toxic and 
chemically stable is underlined. 

According to WO 93/04092, another essential component of the oil phase of HIPE-emulsions is an emulsifier 
which permits the formation of a stable HIPE-emulsion. Such emulsifiers are soluble in the oil phase and are said to 
be nonionic, cationic or anionic, as long as they are able to form a stable emulsion. Preferred emulsifiers are said to 
be sorbitan fatty acid ethers, pofyglycerol fatty acid esters, pofyoxyethylene (POE), fatty acids and esters Sorbitan 
monolaurate, sorbitan monooleate and combinations of sorbitan trioleate and sorbitan monooleate are mentioned as 
particularly preferred. Other preferred emulsifiers are said to be polyglycerol ester and sorbitan sesquioleate The 
emulsifier is said to normally constitute about 2-33 weight-%, more preferably 4-25 weight-% of the oil phase In WO 
93/04092, it is disclosed that the oil phase, in addition to the above-mentioned monomers and emulsifiers, also may 
contain further optional components. Examples of such are said to be oil soluble polymerization initiators or solvents 
for solving monomers and emulsifier in the oil phase. 

According to WO 93/04092, the discontinuous, internal water phase in a HIPE-emulsion is an aqueous solution 
which in general contains one or more dissolved components. An essential such component is said to be a water 
soluble electrolyte, the task of which is to minimize the tendency of monomers and cross-linking agents which are 
primarily oil soluble, to also dissolve in the water phase. This is said to be important in order to minimize the risk of 
polymeric material filling the cells which are formed by the water phase droplets in the emulsion, something which 
could impair the resulting foam quality. 

The above-mentioned electrolyte can allegedly be of any type that provides ionic strength to the water phase 
Preferred electrolytes are said to be mono-, di-, or trivalent inorganic salts, such as water soluble halides, e g chlorides 
nitrates and sulphates of alkali metals or alkaline earth metals. Sodium chloride, calcium chloride, sodium sulphate 
and magnesium sulphate are mentioned as examples, with calcium chloride as the most preferred The electrolyte 
addition is said to be between 0.2-40% in general, more preferably from about 0.5-20 weight-% of the water phase 

From WO 93/04092, it is further evident that a polymerization initiator usually is added to the water phase Such 
an initiator is said to be any conventional water-soluble initiator of free radicals. The initiator is said to consist of com- 
pounds such as sodium, ammonium and ammoniumpersulphates, caprylyl peroxide, benzoyl peroxide, hydrogen per- 
oxide, cumene hydroperoxides, tertiary butyldiperphtalate, tertiary butylperbensoate. sodium peracetate sodium per- 
carbonate and the like. Also conventional redox initiator systems are said to be useful, by means of combining the 
above-mentioned peroxygen compounds with reducing agents, such as sodium bisulphite, L-ascorbic acid or ferrous 
salts. The initiator is said to constitute up to about 5 mole-%, more preferably 0.001-0.5 mole-%, based on the total 
number of moles of polymerizable monomers in the oil phase. When addition to the water phase is concerned this is 
said to involve contents of 0.02-0.4 %, more advantageously from about 0. 1 -0.2 weight-% of the water phase.' 

WO 93/04092 discloses that the above-mentioned oil and water phases are combined during agitation in order to 
form a stable emulsion, after which the emulsion is subjected to polymerization conditions which are suitable to bring 
about polymerization of the monomers in the oil phase and thereby to form a solid cellular foam structure 

From WO 93/04092, it is evident that the therein disclosed foam material has a hydrophobic character immediately 
after the polymerization. Since the intended use requires a hydrophilic material, the foam material has to be treated 
after the polymerization in order to render the surfaces of the material more hydrophilic. This hydrophilizing treatment 
is said to be accomplished by means of treating the foam structure with a suitable hydrophilizing agent 

According to WO 93/04092, the hydrophilizing agent may be any material, having the ability to enhance the wet- 
tability to water of the polymer surfaces. Such previously known agents are said to include surface-active materials 
surfactants, of anionic, cationic or nonionic type. Hydrophilizing agents are said to normally be employed in liquid form" 



4 



t 



EP 0 878 481 A1 

thereby dissolved in water in order to form an aqueous hydrophilizing solution which is applied onto the surfaces of 
the foam material. It is claimed that a sufficient amount of hydrophilizing agent can be absorbed in this way, in order 
to render the foam surfaces sufficiently hydrophilic, without affecting the flexibility and compressibility properties of the 
foam material. The content of hydrophilizing agent, which has been incorporated into the foam structure, is said to 

s suitably be between 0.1-10 weight-% of the foam. 

Suitable hydrophilizing agents are claimed to comprise mild, non-irritating surfactants which are applied on the 
foam structure in amounts which are sufficient in order to result in a surfactant content from about 0.5-5.0%, more 
preferably from about 1 -3 weight-% of the foam. 

As examples of suitable surfactants, WO 93/04092 mentions alkyl sulphates and alkylethoxylated sulphates of the 

10 type which is used in commercial washing-up detergents. Aqueous solutions of such surfactants are said to typically 
be used for washing the foam structure, either residual water material after the foam polymerization, or more preferably 
as part of a washing treatment that serves to remove this residual water phase material. 

Another preferred type of hydrophilizing agents are said to be hydratable, and preferably hygroscopic or deliques- 
cent, water soluble inorganic salts, such as alkaline earth metal salts. Preferred salt types are claimed to be calcium ' 

is and magnesium halides, such as calcium chloride. It is stated that salts of this type can be easily incorporated in the 
absorbent foam materials by means of treating the foam materials with solutions of such salts. 

In the same way as mentioned above when surfactants are concerned, it is disclosed that the hydrophilizing treat- 
ment either can be performed after water phase residues from the polymerization having been removed, or as a part 
of the process of removing the residual water phase from the recently polymerized foam. Preferred salt contents are 

20 claimed to be from about 0.1-7 weight-% of the foam material. 

From WO 93/04092, it is evident that the hydrophilizing treatment is performed to the extent it is necessary on 
HIPE-foam materials, which after polymerization are comparatively hydrophobic to their nature. 

In WO 93/04092, it is also disclosed that some HIPE-foam materials can be sufficiently hydrophilic directly after 
the polymerization, and that such materials therefore do not need any subsequent hydrophilizing treatment. As exam- 

25 pies of such materials HIPE-foams are mentioned, wherein sorbitan fatty acid esters have been used as an emulsifier 
additive in the oil phase, and wherein calcium chloride has been used as an electrolyte in the water phase. It is claimed 
that the content of calcium chloride in the residual water phase of such materials, after the polymerization, is sufficiently 
high in order to render the internal surfaces of the foam material, which also contain emulsifier residues, suitably 
hydrophilic also after dewatering of the polymerized foam. 

30 There are a further number of patent publications which disclose the preparation of hydrophilic foam materials of 

the above-discussed type, or materials of a similar type. 

Among these, the patent publication WO 93/00493 can be mentioned, disclosing a process for continuous prep- 
aration of HIPE-emulsions which are suitable for subsequent polymerization into polymeric foam materials, that upon 
dewatering act as absorbents for aqueous body fluids. The process involves continuous addition of a certain type of 

35 monomer-containing oil phase and a certain type of electrolyte-containing water phase to a dynamic mixing zone at 
relatively low water:oil ratios. The flow rates are steadily adjusted in order to increase the wateroil ratio of the streams 
which are fed to the continuous mixing zone, while the content in the dynamic mixing zone is subjected to a shear 
agitation which is sufficient in order to form a HIPE-emulsion, that upon subsequent polymerization provides a foam 
which has an average cell size from about 5 to 100 micrometer. The formation of such a stable HIPE-emulsion is 

40 completed by feeding the contents in the dynamic mixing zone to and through a static mixing zone. 

In WO 93/04093, a number of different emulsifiers are mentioned which are claimed to be useful for creating a 
stable HIPE-emulsion. The emulsifiers are claimed to be nonionic, cationic, anionic or amphoteric, depending on the 
other conditions. Sorbitan fatty acid esters, polyglycerol fatty acid esters, polyoxy-ethylene fatty esters and esters are 
disclosed as particularly preferred emulsifiers. 

45 in WO 93/04093, it is further disclosed that the foam materials prepared by means of the therein described process, 

generally, should be subsequently treated in order to render the foam materials suitable as liquid absorbents. It is 
claimed that such a subsequent treatment can comprise a washing, in order to remove residual water phase from the 
cells of the foam, followed by a hydrophilizing treatment in order to render the surfaces of the foam more hydrophilic. 
Thereby, calcium chloride is disclosed as a suitable hydrophilizing agent. 

50 WO 93/041 1 3 is another patent publication within the field of hydrophilic foam materials. This publication discloses 

a method for rendering hydrophobic foams hydrophilic by means of treatment with simple surfactants and salts as 
hydrophilizing agents. In the disclosed method, a surfactant-containing foam is treated with a solution of, for example, 
calcium chloride and is thereafter dried in order to leave a uniformly distributed residue of hydrated or hydratable 
calcium chloride on the surfactant-containing internal foam surfaces. Also other hydratable calcium or magnesium 

ss salts, such as magnesium chloride, are claimed to be usable. The resulting hydrophilic foams are said to be suitable 
for use in absorbent devices, including diapers, sanitary napkins, bandages and the like. . . 

Another patent publication within the discussed field is WO 93/04115. This discloses a method for hydrophilizing 
hydrophobic loams, such as polyurethane loam? and polymerized "watei-irvoil" emulsion loams, which are claimed 1c 
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be possible to hydrophilize with sorbitan monolaurate. which after drying is said to leave an essentially uniform residue 
ot sorbten monolaurate on the internal foam surfaces. The resulting treated foams are said to become hydrophilic and 
according*, become suitable for use in absorbent devices, including diapers, sanitary napkins, bandages and the like' 
A further patent publication. WO 94/13704, pertains to an absorbent foam material for aqueous body fluids and a 
manufacturing process for the same. The patent publication discloses a relatively thin, collapsed / non-expanded pol- 
ymeric foam material which, when in contact with aqueous body fluids, expands and absorbs the fluids Furthermore 

' fir 688 f ?. f ° b,a , inin9 SUCh ,0am materia ' S in 3 S,able ^ is disclosed ' *y means °< Polymerizing a specific type oi 
water-in-oil" emulsion, normally known as a HIPE-emulsbn. . «-'ypeoi 

The foam materials disclosed in WO 94/1 3704 are sakl to be hydrophilic to their nature. It is claimed that hydrophilic 
oam surfaces are obtained since residues of hydrophilizing agent have remained in the foam structure after the po- 
foam Serial* mea " S * 3 SUbS6qUent ,rea,ment P"***"* aimed at modifying the surface energy of the 

An example of remaining residues of hydrophilizing agent in the foam structure, which is disclosed in WO 94/1 3704 
is a toxilogically acceptable, hygroscopic, hydrated salt, which preferably is calcium chloride 

. m „£r d1 ? 9 10 WO , 94/1 f ° 4 ' further exam P les ° f ^ch residues of hydrophilizing agents are certain oil-soluble 
emulsifiers, for example sorbitan laureate. 

In WO 94/13704, it is disclosed that both types of hydrophilizing agents either can be added as raw material for 
the foaming process or in a subsequent treatment step. 

in J? f aWm P , Ub 'l? ati ?? US 5 500 451 diSC,OSeS a process ,or preparin 9 HIPE-emulsions. 'which can be polymerized 
, ^ ifTf 6 . k ble ' micro -P° rous ' ^en-celled polymeric foam materials. The prepared foam materials are 
claimed to be able to absorb aqueous liquids such as urine. It is disclosed that HIPE-emulsions can be manufactured 
by means of using certain aliphatic polyglycerol ethers as emulsifiers. It is claimed that these are chemically less 
comp ex and vary less in composition than many previously utilized emulsifiers for HIPE-emulsions. Furthermore the 
polyglycerol ethers are claimed to have higher contents of surface^ctive components and lower contents of undesired 
components than previously utilized emulsifiers. It is claimed that the polyglycerol ethers provide emulsions with water 
droplets of a comparatively uniform size which are dispersed in the continuous oil phase 

The aliphatic polyglycerol ethers disclosed in US 5 500 451 , which are used as emulsifiers, are said to be selected 

IZrT^lu C °, nS !! 1in , 9 B nl alipl ; at ! C 9lyCer °' 6,herS com P risin 9 a < leas < a °°* 40% linear, mono-aliphatic diglycerol 
ethers and at least about 60% polyglycerol ethers which have aliphatic groups within the region C 10 -C 24 By means of 

2S? P ? P °' y9 f T 8therS WHh a ' iphatiC 9r ° UpS Wi,hin ,he re 9 |on C -- C -. « is claimed ha, aC-o^Sng 
effect is maintained in the finished HIPE-foam also after washing and dewatering - 

Accordingly, foam materials which are hydrophilic directly after the polymerization are previously known as well 

aS J?Z T f h ! Ve b6en n y dr °P ni,ized b V ™*™ °« subsequent treatment with different surfactants or 
electrolytes. The use of such foam materials in disposable absorbent articles has also been previously suggested 

n^^TT 96 :-^ mm be PefCeiVed With * e previous, y known ,oam ma,erials ' however, is that there is a 
nsk that the hydrophilizing agent, of some of the previously known types which have been mentioned in the foregoing 

11 ° ?1° ,k ^ ma,efial dUri " 9 W6t,in9 ' in connec,i0 ' 1 ^ the use of an absorbent disposable article As 
a result of this the foam material becomes less hydrophilic in repeated wettings, something which can be perceived 
as a disadvantage in many applications. 

SUMMARY OF THE INVENTION: 

ri, k iTf ,he l ,irS ', 0bieC, °' the pr6Sent inVen,ion is 10 P rovide a hydrophilic, absorbent foam material, with low 

1.Lk, , 9 SU k 3 dUMn9 W6t,in9 and Wi,h physical P r °P e mes otherwise which makes the foam material 
suitable for use as an absorption core in absoibent disposable articles. 

The second object of the present invention is to provide a manufacturing method for such a foam material 

invon. °h f C,S ! PfeSent inVen,i0n afe 10 indiCa1e an advanta 9*°us use of the foam material according to the 
invention, and to provide an absorbent disposable article comprising a foam material according to the invention in its 
absorption core or absorbent body. 

h»h me T' 86 °' their inV6ntiVe the inVen, ° rS of ,he P resent inven,ion have surprisingly established that a 
,h, ^' 0 ? ,eX, • Unkn0Wn SUrfaC,am iS abl6 10 eNmina,e ,he a "ove-mentioned disadvantage with previously 
inTc P < 1 l 10a T ale " a>S - ' hat f ° am ma,eria ' S ' Which aCCordin 9 10 ,he iwen1ion have b'en manufactured 
TZ J h I" I 1 33 8 C ° mbined emulsi, y in 9 and hydrophilizing agent, furthermore provides otherwise 
excellent physical properties for use in absorbent disposable articles. 

Accordingly, the above-mentioned objects of the present invention are achieved by means of the foam material 
according to the invention which, in accordance with the following claims 1,5,8 and 10, comprises a surfactant of the 
type nomonic block copolymer, and that the foam material according to the invention is utilized in absorbent disposable 
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In accordance with the following claims 2, 6, 9 and 11 , the surfactant most preferably comprises poly(12-hydroxy- 
stearic acid). 

Thereby, the chemical structure of the nonionic block co-polymer makes it possible to retain a sufficient amount 
of the emulsifying agent inside the finished foam material according to the invention in order to obtain the desired, 

s relatively permanent hydrophilic character without the need for any special hydrophilizing treatment, at th'e same time 
as the risk of dissolving out surfactant during wetting is minimized. A sufficient quantity of surfactant is retained in the 
foam material even if it is subjected to washing after completed polymerization, something which might be desirable 
in certain cases in order to remove undesired compounds such as residual monomers from the foam material. 

The foam material according to the invention can be manufactured by means of utilizing the basic principles for 

10 preparation of so-called HIPE-emulsions, with subsequent polymerization of the oil phase, as has been described in 
the foregoing in connection with the prior art. Thereby, according to the invention, the above-mentioned surfactant of 
the type nonionic block copolymer is utilized as an emulsifying agent, instead of the above-discussed, previously known 
emulsifiersfor HIPE-emulsions. When manufacturing foam materials according to the invention, the nonionic block co- 
polymer can be said to constitute a combined emulsifying and hydrophilizing agent. 

75 When manufacturing foam materials according to the invention, styrene is preferably used in the oil phase as a 

"glass-like" monomer raw material, but also other suitable monomers can be utilized. To the glass-like monomer is 
also added a monomer which is able to lend "rubber-like" properties to the finished foam. This monomer is preferably 
2-ethylhexyl aery late, but many other monomers are conceivable for use in foam materials according to the invention. 
A cross-linking agent, which preferably is divinylbenzene or other aromatic divinyl compounds, is also added to 

20 the oil phase, but also other previously known cross-linking agents can be utilized when manufacturing hydrophilic 
foam materials according to the invention. 

When manufacturing foam materials according to the invention, a water phase comprising an initiator and a salt, 
which may be of any conventional previously known type, is utilized. The water phase and the above-mentioned oil 
phase are emulsified in the presence of the above-mentioned emulsifying agent, wherein the ratio water : oil always 

25 is larger than 1 . 

When desirable, foam materials according to the invention can be subjected to a washing treatment, according to 
prior art, after finished polymerization. After polymerization and possible washing treatment, follows a dewatering and/ 
or drying, according to suitable previously known technique. . . . 

After dewatering, drying and possible washing treatment, finished foam materials according to the invention are 
30 sufficiently hydrophilic in order to provide good absorption and adsorption properties when absorbing aqueous liquids, 
for example body fluids. 

The polymerized foam materials according to the invention have a foam structure which, when liquid absorption 
is initiated, comprises a plurality of essentially open cells which are in connection with each other for liquid transport. 

Foam materials according to the invention have advantageous properties for use in absorbent disposable articles. 
35 Absorbent disposable articles according to the invention can be manufactured utilizing previously known techniques 
for the manufacture of this type of products, but with the difference that a foam material according to the invention 
entirely or partially replaces the conventional absorbent bodies which previously have been used. 

In addition to foam materials according to the invention, absorbent disposable articles according to the invention 
comprise the other sub-components which are present in previously known products, for example a liquid-permeable 
40 surface material on the side which is intended to be facing towards a wearer, and a liquid-impermeable surface material 
on the side which is intended to be facing away from the wearer. 

Furthermore, absorbent disposable articles according to the invention preferably comprise elastic means, for ex- 
ample in the form of waist linings and elastic leg cuffs. Furthermore, when desirable, absorbent disposable articles 
according to the invention can comprise attachment arrangements for simplifying their dressing onto a wearer, un- 
45 dressing, or adjustment of the size of the absorbent disposable article to the size of the wearer. Examples of such 
attachment arrangements are different systems with hook and loop strips, tape, hitches, crooks or the like. 

Foam materials according to the invention can also be utilized for other forms of absorbent disposable articles 
than diapers and sanitary napkins, for example wiping cloths for cleaning and the like. 

By means of pressing, vacuum packing or other compacting methods, foam materials according to the invention 
50 or absorbent disposable articles in which these are included can be compressed in order to facilitate storage and 
transportation. When foam materials according to the invention are utilized in, for example, absorbent disposable ar- 
ticles for absorption and storage of body fluids, the articles are preferably delivered in compressed form. When such 
a disposable article has been removed from its transport package and been brought into contact with the skin of a 
wearer, the cells of the integrated foam material according to the invention will once more have expanded to their 
55 essentially open positions because of the elastic nature of the foam material, from having been essentially compressed 
during the transport. 
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BRIEF DESCRIPTION OF THE DRAWINGS: 



(he Cached F? s TZ^ZTT ? ^ 6 °" ^ matefialS Pfepared h ' ab0ra,O,y Scale are evjden " ff ° m 

, 9 6 " 9UreS ' ,eSl reSU,,S ,0r ,oam ma,erials accordi "9 ,0 ,he Mention are compared With 

Tl Z I^T 0n T materia ' S aCC ° rding ,0 Pri0r art The u,i,ized ,est described in con- 

nection with the following examples. In the attached drawings: 

Fig. 1 shows a bar diagram presenting results from measurements of acquisition time on foam materials from trials 
6 and 7 (ace to prior art) and 8 (acc. to the invention), when absorbing 5 intermittent 5 ml doses of synthetic 
urine with intermediary washing in distilled water and drying between the doses, and 

Fig. 2 shows a bar diagram presenting results from measurements of acquisition time on foam materials from trials 
6 and 7 (acc. to prior art) and 8 and 9 (acc. to the invention), when absorbing 6 intermittent 5 ml doses of 
synthetic urine with intermediary washing in distilled water and drying between the doses. 

EXAMPLES AND PREFERRED EMBODIMENTS: 
Trials 1 - 5 

In order to illustrate the invention, a number of foam materials were prepared; according to prior art, according to 
a preferred embodiment of the invention, and according to three advantageous embodiments of the inventa , 
When preparing a foam material according to prior art, the starting point in trial f was an oil phase comprising: 

4 ml styrene 
4 ml divinylbenzene 
12 ml 2-etylhexylacrylate 
3 ml SPAN 80 (surfactant) 
. 1 ml SPAN 85 (surfactant) 

w^iTH^tr 6 ! P , haS6, C f ° ntalning an inltiator and a salt whic " both were of a conventional above^escribed type 
wasaddedtotheo.lphase.afterwhichthemixturewastranstormed^ 

in a conventual way. Thereafter, the emulsion was polymerized in a heated oven during 18 h at 
polymerization, the obtained foam was washed with a water solution and dried ' 

Thereafter, a number of foam materials, for which a surfactant of the type non ionic block co-polymer was used 
were prepared in trials 2 to 5 in a similar way as in trial 1 . The surfactant which was used in the laboratory triak ic" 

ISI"? 7,1 he,rademark A,,ox and com ? rises P°W2-hydroxy-stearic acid). In trial 2, according to a prefe 
embodiment of the mvention, solely poly(l 2-hydroxy-stearic acid) was used as emulsifying agent 

In trials 3 4 and 5, which are according to advantageous embodiments of the invention, also conventional emul- 

^"tSSS SPAN 80 85 W8re ^ " different addi,i0nS ' ***** SPAN 80 compo s soZ 
monooleate, while SPAN 85 comprises sorbitan trioleate. 

«h J^i™'!!? f0am ma ! 6ria ^ Prepar6d in ' he ,ab ° ra,0ry trials a " were 01 a 'yP e in,ended ,or use applications where 
P^SeS 

are IXfiSEl ttoT "** *"*' * W *~ ,0 ^ man Ski " ed h ,he art ' ™° a <* 

- Density, is determined as disclosed in the above-mentioned patent publication WO 83/04092 by means of a oravi- 
metric procedure, in which the weigh, of a foam material specimen having a known vo.ume is determined where- 

A S ™ MetX. 3SS ^ eXPreSS6d m ^ Unit ^ The U,iliZed melh0d eSS - ia »V to 

- Pore volume is determined in the way disclosed in the above-mentioned WO 93/04092 under the headline "Avail- 
able pore volume", by means of weighing dry foam specimens having a known volume, and saturating the spec- 
imens with isopropanol, and thereafter allowing excess liquid to run off and weighing the foam specimens There- 
the unrt g/g lso P r0 P a "°' i" 'he saturated foam is calculated per weight unit of dry foam and is expressed in 

Accordingly, the presented measurement values for "pore volume" actually correspond to "Measured Free Capac- 
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ity, according to what is disclosed in WO 93/04092. 

Compression resistance, is measured in the way disclosed in WO 93/04092, by means of measuring-the compres- 
sion (% thickness reduction) which is produced in a foam specimen which has been saturated with synthetic urine, 
5 after a load of 5. 1 kPa having been applied onto the foam specimen. 1 

Initial absorption, is measured on a test specimen having the measures 5x5 cm. A liquid droplet of 0.3 ml is 
applied onto the surface of the test specimen and the time needed for the droplet to be absorbed is recorded and 
presented in seconds. 

10 

Acquisition time, is a simple testing method which has proved to be suitable for evaluating different absorption 
properties of foam materials. The testing method can be modified in different ways depending on the application. 
According to the basic method for acquisition time, a test cylinder having a diameter of 23 mm is placed on top of 
a foam material specimen having a defined area. Thereby, the foam material is placed on a planar surface which 

is does not absorb the synthetic urine which is to be used as absorption liquid during the measurement. A desired 

amount of liquid is gradually poured into the cylinder, so that a liquid column having a constant height of about 20 
mm is maintained until the desired amount of liquid has been poured into the cylinder and absorbed by the foam 
material. The time consumed for the liquid column to be absorbed by the material specimen is recorded. By means 
of adding an additional liquid dose to the cylinder after a certain waiting time, and thereby once again record the 

20 acquisition time, valuable information concerning the behaviour of the foam material in repeated wettings can be 

obtained. An alternative measurement method, which for example is suited for evaluating the permanency of a 
hydrophilizing treatment, is to perform repeated measurements on a material specimen, and to subject the material 
specimen to washing with distilled water and drying between each measurement of acquisition time. The acquisition 
time is presented in seconds or minutes. 

25 

Acquisition time 3 x 60 ml, was measured on a foam material specimen with an area of 10 x 28 cm, wherein 60 ' 
ml doses of synthetic urine were added to the test cylinder in 3 rounds with 10 minutes intervals between each 
dose. The acquisition time in minutes was recorded for each dose. 

30 - Acquisition time 5 x 5 ml, was measured on a foam material specimen with an area of 5 x.5 cm. Doses of 5 ml 
synthetic urine were added to the test cylinder in 5 rounds. The test specimen was subjected to washing with 
distilled water and drying between each additional dose. The acquisition time in seconds was recorded for each 
dose. 

35 . Acquisition time 6 x 5 ml, was measured in the corresponding way as acquisition time 5x5 nil, but with the difference 
that 6 doses of synthetic urine were used instead of 5. 

Rewetting, also provides valuable information about the absorption properties of a foam material, primarily the 
ability to retain liquid in the absorbent structure. In this method, corresponding test specimens of foam material 
40 are used, which already have absorbed liquid in connection with measurement of acquisition time. A tared filter 

paper is placed on top of a wet (after measuring acquisition time) test specimen, whereafter a weight which provides 
a load of 2.5 kPa is placed on top of the filter paper. After 15 seconds, the weight as well as the filter paper are 
removed, wherein the filter paper is weighed in order to record the liquid quantity which has been released from 
' the test specimen and absorbed by the filter paper. Rewetting is presented in the unit g. 

45 

Vertical wicking, is measured in the way disclosed in the above-mentioned WO 93/04092, by means of recording 
, , the time consumed for absorbing a liquid, in this case synthetic urine, to 5 cm height in a strip of foam material. 
The result is presented in seconds. 

50 - Sinking time, is determined by means of recording the time in seconds which is consumed for a circular test spec- 
imen (diameter 2.9 cm) of the foam material to sink below the liquid surface in a container with synthetic urine. 

Synthetic urine was used as absorption liquid when evaluating the absorption properties of the different foam 
materials if nothing else is stated. The synthetic urine, which was used when testing the foam materials, was a salt 
55 solution comprising different salts, and intended to imitate the chemical composition of human Urine. In principle, similar 
testing result could be obtained by using any one of the, to the skilled person, well-known types of synthetic urine. The 
testing results which were obtained when testing the foam materials from trials 1 to 5 are evident from the following 
table? 1 and ? 
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Trial/ Surfactant 
system 


Density (g/cm 3 ) 


Pore-volume (g/g) 


Compression resistance 
'RTCD (%) 


Initial abs. 0.3 ml (s) 


Trial 1 

3 ml SPAN 80 
1 ml SPAN 85 


0.066 


20.3 


40.3 


3-60 


Trial 2 
3 ml Atlox 


0.05 
0.06 


22.3 
16.2 


34 


2.9 
5.2 


Trial 3 

2 ml Atlox 

1.5 ml SPAN 80 

n Q rr»l CD A M QC 

u.o mi brVMM 85 


0.20 
0.12 


5.7 
7.0 


33 
27 


2.4 
6.2 


! Trial 4 
1 ml Atlox 
2.25 ml SPAN 80 
0.75 ml SPAN 85 


0.07 


13.9 


42 


2.2 s 


Trial 5 
3 ml Atlox 
3 ml SPAN 80 
| 1 ml SPAN 85 


0.16, 


6.8 


30 


9.2 



As is evident from table 1, the foam material from trial 2, prepared by means of using solely a nonionic block 
2« ,he If*™* A, '°* - « emu.si.ying agent, obtained properties dose to the .eve.^iohTe Wn 
TentS The f ° am ma,eria ' ff0m ,rial 2 is accordina t0 a P referred embodiment of the 

From table 1 it is further evident that also the foam materials from trials 3-5, which were prepared by means of 
on lLT fe , C ° nVen,IOnal SUrfactan,s < SPAN 80 85) and nonionic block co-polymer as emulsifying Regent 
obtained ,nteres ,ng properties. These foam material illustrate advantageous embodiments of the invention 

3 x 60 mT 2S 9 * f f 2 ' fJ S r lden1 tha ' °' repea,ed ' iqUk) abSOr P ,bn ' measuf ed as ac ^^°" time 
to pnor artXaM ) ma,efial aCC ° rdinS '° the inVen,i ° n ( ' ria ' 2) ' 35 tor ' hS f03m ma,erto ' accordin 9 



TABLE 2 



Acquisition time 3 x 60 ml, minutes 
- 10 minutes between each acquisition dose 





Acquis. 1 


Acquis. 2 


Acquis. 3 


Trial 1 (prior art) 


2.1 


6.6 


12.8 


Trial 2 (acc. to the invention) 


0.4 


8.6 


11.4 


Rewettina. a 

- measured on corresponding specimens as acquisition 




time 3 x 60 ml 










Rewet. 1 


Rewet. 2 


Rewet. 3 


Trial 1 (prioWart) 


0.7 


2.3 


36.3 


Trial 2 (acc. to the invention) 


0.9 


5.7 


10.5 


Sinking time and vertical wickinq. seconds (double tests^ 






Sinking time 


Vertical wicking 


Trial 1 (prior art) 


27.9/43.3 


607/600 "J 
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TABLE 2 (continued) 


Acquisition time 3 x 60 ml, minutes 




- 10 minutes between each acquisition dose 




Sinking time and vertical wickinq, seconds (double tests) 




Sinking time 


Vertical wicking 


Trial 2 (acc. to the invention) 


16.5/90.3 


337/318 



Table 2 further shows that the rewetting tor the material according to the invention (Trial 2) is approximately com- 
parable to the foam material according to prior art (Trial 1) in one, and in two rewettings, whereas the rewetting in the 
third rewetting is clearly lower for the foam material according to the invention. 

Table 2 also shows that the foam material according to the invention (Trial 2) has a comparable sinking time and 
a faster vertical wicking than the foam material according to prior art (Trial 1 ). 

Trials 6 - 9 

In these trials, two foam materials according to prior art were prepared in Trials 6 and 7, in a corresponding way 
as in Trial 1 , whereas two foam materials according to a preferred embodiment of the invention were manufactured in 
Trials 8 and 9, in a corresponding way as the foam material in Trial 2. i 

The prepared foam materials were evaluated with regard to acquisition time, wherein the foam materials were 
washed with distilled water and dried in a heated air dryer between each liquid addition and measurement of acquisition 
time. In a first measurement series 1 , acquisition times for foam material specimens from trials 6, 7 and 8 were recorded 
at five batch-wise additions of 5 ml synthetic urine (5x5 ml). In a second measurement series 2, acquisition times of 
the foam materials from Trials 6, 7, 8 and 9 were recorded at 6 batch-wise additions of 5 ml synthetic urine (6x5 ml). 
The obtained testing results for the foam materials from Trials 6 - 9 are evident from the following table 3. 



TABLE 3 



30 



40 





Acquisition time 5 x 5 ml, seconds 


MEASUREMENT SERIES 1 


#1 


#2 


#3 


#4 


#5 




Trial 6, acc. to prior art 


10 


25 


13 


37 


101 




Trial 7, acc. to prior art 


21 


13 


17 


101 


200 




Trial 8, acc. to the invention 


14 


9 


21 


33 


43 






Acquisition time 6 x 5 ml, seconds 


MEASUREMENT SERIES 2 


#1 


#2 


#3 


#4 


#5 


#6 


Trial 6, acc. to prior art 


82 


18 


27 


96 


.136 


>300 


Trial 7, acc. to prior art 


7 


6 


34 


98 


84 


>300 


Trial 8, acc. to the invention 


10 


27 


75 


59 


89 


144 


Trial 9, acc. to the invention 


7 


13 


7 


37 


30 .. 


50 



It is clearly evident from the results that foam materials according to the invention maintain their hydrophilic char- 
acter to a great extent also when the foam material specimens are subjected to a washing with distilled water and a 
heated-air drying between each measurement of acquisition time. 

As mentioned above, the reason why the foam materials according to the invention, even in repeated wettings 
50 and dryings, maintain their hydrophilic character in a better way than foam materials according to prior art is the chemical 
structure of the foam surfactant, being used as a combined emulsifying; and hydrophilizing agent according to the 
invention. 

The chemical structure of the surfactant makes it possible to retain a sufficient proportion of the emulsifying agent 
in the foam material also after repeated wettings, something which renders the foam material according to the invention 
55 to be highly, permanently hydrophilic. 

It has to be understood that the volumes of different raw materials and other trial conditions disclosed in the em- 
bodiments should be seen as conceivable examples of what makes it possible to practise the invention and that an 
industrial production of loam material accordinp tc Ihe invention require* an adaption lo iht? prevailing condition* 
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However, such an adaption is fully feasible for a man skilled in the art 

The present invention should no. be regarded as being limited to what has been disclosed herein by means of the 
above<fescr,bed examples, tables or the attached drawings, but its scope is defined by the attached cLmT 



Claims 



irLTT I . SOrP,i ° n 01 aqU60US liC ' UidS • COmpfiSin9 3 POlymeriC ,0am s,ructure M is ^^tically form- 
etn^uTJT C H fe ,? 0mPnSin9 3 P ' Ura,i,y °' Ce " S ,0rmed ^ « Plurality of internal surfaces of sa 2 foam 

SSZ essen,ia,ly are open and essen,ially in connecHon wfth each o,her « h " absorp,io " 

characterized in that the foam structure in connection to the internal surfaces comprises a surfactant which is a 
noniomc block copolymer, and that said internal surfaces essentially are hydrophilic 

2. A foam material according to claim 1 , 

characterized in that the surfactant comprises poly(l 2-hydroxy-stearic acid). 

3 ' com^TnTnt^ 1 * ' * *' C ° mPriSin9 8 9 ' aSS "' ike P °' ymer C ° mp ° nent and a rubbeNike 

4. A foam material according to any one of claims 1 to 3, 

characterized in that the foam material comprises a cross-linking agent, which advantageously is a divinvl com- 
pound and preferably is divinylbenzene. y 

5 " anTa wa, e °r Z^T" 8 * T°™ ** absor P tk > n of aQueous 'Mds, comprising to emulsify an oil phase 
ohaserlrlS !h an , emuls ' ,y,na a 9 ent in ° rder to 'orm a stable emulsion, wherein the volume of said oil 
E .T J VO,Ume ° f S3Ki Wa,ef ph8Se ' 5816 011 phase «>mprising. a firs, polymerizable monomer 
wS saw 1ZZ f ' 3 SeC ° nd P ° lymerizable ™"°™< w « h "*beHike Properties, and a cross-linking agTnt 
while sad water phase compnses an initiator and an electrolyte, whereafter said monomers in the essentially 

rXT 5 , P K? 6 °l ,he Slab ' e emUlSi ° n 3re P 0 *™** " order to form a polymer* foam structure 222 
elastically formable and comprises a plurality of cells having a plurality of internal surfaces 

bSco^ add6d dUrin9 emU ' Si,yin9 uprises a surfactant which is a nonbnic 

^!^fll*oc^l-f k ^ foam material is dewatered after the polymerization and thereby provides said internal 
surfaces which have been rendered hydrophilic by said surfactant. 

6. A method according to claim 5, 

characterized in that the surfactant comprises poly(l2-hydroxy-stearic acid). 

7. A method according to claim 5 or 6, 

characterized in that the foam material is subjected to a washing treatment after polymerization is completed. 

8 ' whTch t » f ^^ a TJ!lL Whfch J n COnneC,ion to rts essen,ial, y hydrophilic, internal surfaces comprises a surfactant 
which is a nonionic block copolymer, for absorbing aqueous liquids, preferably body fluids. 

9. A use according to claim 8, 

. characterized in that the surfactant comprises poly(1 2-hydroxy-stearic acid) 

10. An absorbent disposable article, comprising an absorption core, surface material and elastic means 
characterized in that the absorption core comprises a foam material with a polymeric foam structure which in 

11. An absorbent disposable article according to claim 10, 

characterized in that the surfactant comprises poly (1 2-hydroxy-stearic acid). 

12. An absorbent disposable article according to claim 10 or 11 , said article being delved in a transport package to 



12 



EP 0 878 481 A1 

a wearer, 

characterized in that cells inside the polymeric foam structure of said foam material essentially are in a com- 
pressed position when the absorbent article is inside said transport package, and that said cells essentially are in 
an expanded position when the absorbent disposable article is in contact with the skin of the wearer, and that said 
cells are essentially open and stand in connection with each other when absorption of aqueous liquid is initiated. 
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